Body dysmorphic disorder is a challenging disorder that manifests as erroneously perceived flaws in one's physical appearance and repetitive behaviors in response to appearance concerns. This disorder is also frequently comorbid with other psychiatric disorders, including major depressive disorder and autism spectrum disorder. It is currently understood to arise from a combination of biological, psychological, and environmental factors. Treatment of body dysmorphic disorder typically consists of a combination of pharmacotherapy and cognitive behavioral therapy. However, not all patients respond to treatment, and BDD symptoms remain even in those who do respond. This review outlines current pharmacological and neuromodulation treatments for body dysmorphic disorder and suggests directions for future studies of novel treatments such as augmentation with atypical antipsychotics and the use of intranasal oxytocin in cases of body dysmorphic disorder that show residual symptomatology even with tailored monotherapy. There is emerging evidence suggesting that non-invasive neurostimulatory techniques, such as repetitive transcranial magnetic stimulation, may be of value in treatment-resistant cases.
illness [11] . Many also demonstrate delusions of reference and believe that others take notice of their deformations [12] . Although the DSM-5 has recently reclassified BDD as being part of the obsessive-compulsive disorder (OCD) and related disorders (OCRD) spectrum, it is notable that insight is lower in BDD than in OCD [13] .
In response to their physical concerns, patients with BDD will follow compulsive behaviors, such as combing of hair in a specific pattern, in order to reduce the distress caused by their perceived deformations [14] . These behaviors are typically difficult to resist or control [15] . The associated feelings of guilt and shame appear to contribute to high rates of suicidal ideation and suicide attempts in BDD patients [16] . Rates of suicide completion are significantly higher in psychiatric inpatients with BDD relative to those without, and relative to most other mental disorders as well [17] .
Many patients are unaware of the existence of effective treatment and therapy and will hide or misrepresent symptoms because of feelings of guilt or embarrassment [18] . Patients often have difficulty in intimate relationships and broader social functioning because of their perceived deformations [19] . They also experience academic or occupational difficulties; many patients are unable to work, be in school, or complete schoolwork because of their symptoms [20] . Treatment is also a challenge because patients will often request unusual hours for appointments or otherwise poorly adhere to treatment when doing so requires that they encoun-ter others which risks exposing their perceived flaws to ridicule.
Comorbidity is often seen in BDD [21] . The most frequently occurring comorbidities include major depressive disorder (MDD), anxiety disorders, OCD, and substance-use disorders [22] . Overlapping symptom domains and thought patterns suggest that looking to these disorders, in which pharmacotherapy has been more extensively studied, may be of considerable value [23] .
EPIDEMIOLOGY
The prevalence of BDD is estimated to be approximately 2% in the general population [24] . Prevalence may be higher in college student populations, at approximately 5%, as well as in clinical populations [25] . Outpatient adult psychiatric patient prevalence is estimated to be approximately 5.8%, and inpatient patient prevalence approximately 7.4% [26] . It is also notable that the prevalence among patients who sought non-psychiatric treatment, which includes dermatologic and cosmetic procedures, is estimated to be 11.3% in dermatology outpatient settings and 9.2% in cosmetic dermatology settings [26] . This suggests that dysmorphic concerns need to be incorporated into pre-operative and other nonpsychiatric contexts.
Prevalence estimates suggest that BDD is more common in women (2.5%) in comparison to men (2.2%) [27] . The average age of onset is estimated to be 17 years [28] , with an often-unremitting course; a recent study found a low cumulative probability (20%) of full remission over 4 years with treatment [29] . This low probability was further decreased by greater symptom severity at presentation [29] .
ETIOLOGY
BDD is understood to arise from a combination of biological, psychological, and environmental factors [30] . The development of BDD is associated with past experiences of abuse, violence, and trauma; patients are not only more likely to have a history of traumatic experiences but also to experience them as more painful and to be able to recall them clearly [31, 32] . A survey of patients with BDD found high rates of emotional neglect (68.0%), emotional abuse (56.0%), physical neglect (33.3%), physical abuse (34.7%), and sexual abuse (28.0%) [33] . These findings are in line with the current understanding of BDD as being associated with a low quality of life and with increased suicidality. Neuroimaging studies in BDD have implicated abnormal structure and function of occipitotemporal and frontolimbic regions; cortical gray matter thinning has been demonstrated within the left temporal and left inferior parietal regions [34] . Functional MRI (fMRI) studies have found that patients interpret visual information that is holistic in nature via neural pathways meant for detailed, focused information [35] [36] [37] [38] . These studies also demonstrated hypoactive structural connectivity and poor information transfer between the primary and secondary occipital regions [37, 38] . Another fMRI study, comparing visual processing networks in BDD and in anorexia nervosa (AN), found similar patterns of higherorder connectivity between the right fusiform face area, the precuneus, and the posterior cingulate cortex [39] . Connec-tivity between the insula and the central opercular cortex was also found to be reduced [39] . These results suggest reduced introspection in both BDD and in AN, and a tendency to assign inappropriate importance to visual information as processed [35, 39] . Additionally, reduced striatal dopamine D2/D3 receptor availability is observed in BDD, suggesting pathophysiology involving dopaminergic pathways and potential therapeutic targets [40] . Neuropsychological tests indicate that BDD patients experience deficits in the interpretation of facial emotional expressions, particularly as they relate to disgust and anger. Imaging studies have shown an increase in total white matter volume and caudate volume asymmetry in BDD patients, which is consistent with the recent classification of BDD as falling within the obsessivecompulsive spectrum [41] . Other studies have found a positive correlation between right amygdala volume and BDD symptom severity, suggesting engagement of neuroanatomical structures in pathological face processing, fear neurocircuitry, hypervigilance, and heightened social sensitivity [41, 42] .
DIAGNOSIS
Diagnosis of BDD begins with an initial clinical evaluation that incorporates a mental status examination, a psychiatric history, and a medical history. Suicidality, delusionality, psychiatric comorbidity, and a history of dermatological and cosmetic surgical procedures are significant features potentially present in the patient presenting with BDD [43] . Per the DSM-5, BDD is diagnosed according to the following criteria: a preoccupation with one or more perceived defects or flaws in physical appearance that are either slight or not present, the presence of repetitive behaviors in response to these concerns, the preoccupations causing clinically significant distress and/or impairment in functioning, and these preoccupations failing to be better explained by an eating disorder [1] . BDD often goes undiagnosed in clinical practice [22] . Patients often decline to disclose symptoms out of feelings of shame and guilt or because they do not know that their symptoms can be treated clinically [22] . It is important to screen for and specifically treat BDD, as pharmacological treatment is informed by its many comorbidities and is also distinct from many disorders with which it shares symptomatology [44] . There is a demonstrated need for specific screening techniques in inpatient, substance abuse, dermatological, cosmetic surgery, and psychiatric settings; BDD is often present and comorbid in such contexts and may worsen outcomes if not identified and treated explicitly [30] . Awareness of the prevalence of BDD on the part of the clinician is of paramount importance because BDD is characterized by feelings of guilt and shame leading patients to mask their symptoms, and because of typically poor insight presenting challenges in establishing therapeutic relationships and ensuring treatment adherence.
THE ROLE OF PHARMACOTHERAPY
Treatment mainstays of BDD typically involve some combination of cognitive behavioral therapy (CBT) modalities and pharmacotherapy [45] . Antidepressant medications have been found to improve the core symptoms of BDD, suicidality, and quality of life, particularly in more severely ill and suicidal patients [2] . Medications currently used in the treatment of BDD are used in a range of contexts including as monotherapy, augmentation therapy, and combination therapy; this is shown in Fig. (1) . Specific techniques and challenges in CBT have been well-documented elsewhere; this review will focus on current approaches to psychopharmacology in the treatment of BDD. Pharmacological intervention is often more readily available than CBT, and may present a flexible modality by which comorbidities can also be addressed; such comorbidities include MDD, social anxiety disorder, and OCD. First-line pharmacological treatment of BDD is centered around the use of selective serotonin reuptake inhibitors (SSRIs), with the incorporation of clomipramine when necessary [46] . Clomipramine is usually reserved for cases in which SSRIs have not proven to be of benefit, as the side effect profile of SSRIs tends to be milder than that of tricyclic antidepressants (TCAs). Among SSRIs, there is currently no particularly beneficial drug of choice, although escitalopram and fluoxetine are often administered. The exception is citalopram; BDD treatment requires relatively high doses, and citalopram has been associated with cardiac side effects at the dosages required. A 12-week randomized trial compared fluoxetine with placebo in 67 subjects with BDD [47] . As measured by the Yale-Brown Obsessive Compulsive Scale, Modified for Body Dysmorphic Disorder (BDD-YBOCS), fluoxetine response (53%) was markedly greater than with placebo (18%) [47] . Delusionality did not influence response to treatment, and treatment response was independent of symptom severity, duration, and the presence of any comorbidities [47] . Fluoxetine was also found not to differ from placebo in the emergence of suicidality in subjects with BDD, suggesting that fluoxetine also has a specific effect in reducing suicidality [48] .
Medication dosing presents an issue in the effective treatment of BDD. The therapeutically effective dosages required are often significantly higher than the doses used to effectively treat other psychiatric disorders, which presents challenges in drug tolerance and suitability in the treatment of pediatric populations [43] . This is an issue in administering clomipramine as well, as TCAs are known to have a more severe side effect profile than SSRIs. Medication is typically titrated up, monitoring for patient tolerance and improvement, eventually reaching the manufacturerrecommended maximum dosage by week 5 to 9 [49] . Response to SSRI typically occurs gradually and requires 12 to 16 weeks to fully determine medication response. The manufacturer-recommended maximum dosage can be cautiously increased, depending on patient response and drug tolerance.
If patients do not demonstrate symptom improvement, monotherapy with a different SSRI is indicated. There is limited evidence supporting the addition of another SSRI [46] , but buspirone, clomipramine, venlafaxine, and secondgeneration antipsychotics may prove to be viable options for medication augmentation [46, 50] . Augmentation therapy is usually prescribed for 6 to 8 weeks before drawing conclusions as to efficacy [50] . If SSRI trials are ineffective, the SSRI is discontinued in favor of clomipramine [49] . In patients that achieve symptom improvement with medication, maintenance is strongly indicated; discontinuation is strongly associated with relapse [29] . A recent trial of open-label escitalopram for use in maintenance therapy for six months found that the time to relapse was longer with the administration of escitalopram relative to placebo [51, 52] . Indefinite continuation of therapy may maintain remission but may be associated with side-effects due to medication profile. Discontinuation, if chosen, should occur slowly, with a tapering process over several months [43] .
DISCUSSION, CONCLUSION, FUTURE DIRECTIONS
Pharmacotherapy with antidepressants remains a foundational element in the treatment of BDD. In concert with CBT, response rates vary from about 50 to 80 percent [43] . Medications utilized will typically involve SSRI monotherapy with the possibility of augmentation with a second medication such as buspirone, clomipramine, secondgeneration antipsychotics [53] , and venlafaxine. In the case of failure to improve symptoms, another SSRI can be tested, or SSRIs can be discontinued altogether in favor of clomipramine. The mean response time is about 4 to 9 weeks, and treatment for up to 16 weeks may be necessary to achieve Fig. (1) .
Step-wise pharmacotherapeutic approach to body dysmorphic disorder. symptom improvement [43] . Approximately 20 percent of patients will recover from BDD, but 40 percent of those recovered will subsequently experience relapse [29] . It is important to note that the presence of and severity of delusional beliefs did not affect the probability of recovery or recurrence [29] . The risk of relapse was found to be associated with an earlier age of onset of BDD, and with the severity of symptoms at presentation [29] . Maintenance therapy is indicated, as the duration of remission and time to relapse were found to be extended with continued maintenance therapy.
Future directions in the study of BDD pharmacotherapy should also include placebo-controlled studies comparing various SSRIs; comparing SSRIs individually and as a class to other medication classes; further studies on medication discontinuation, maintenance, and relapse prevention; and regimens that incorporate augmentation medications, symptomatology and medication response in pediatric populations. Preliminary findings suggest that the demonstrated efficacy of SSRI monotherapy can be improved with augmentation co-medications, but there are few studies that investigate the promising medications thus far proposed as monotherapy. Dosage studies are required as well since the high dosages currently used to treat BDD lend themselves to higher rates of side effects and the associated potential risk of nonadherence. Additionally, there is a precedent for the investigation of both endogenous oxytocin in BDD and in the use of exogenous oxytocin formulations in the modulation of BDD symptomatology. Oxytocin administration has been associated with hyper-grooming behaviors as a model of compulsive behavior in obsessive-compulsive disorders [54] . Oxytocin receptor gene polymorphisms have been suggested as modulators in the age of onset in obsessivecompulsive disorder [55] . Prior clinical experience demonstrates overlapping symptom domains and frequent comorbidity with ASD, a condition in which the role of oxytocin has been previously established [23, 56] . Such associations are important to pursue, both to explore the role of oxytocin in BDD pathophysiology and to clarify the role and importance of comorbid conditions so often found in BDD.
Neurostimulation techniques represent novel directions for research based on the pathophysiological basis of BDD as an OCRD. Recent studies of treatment regimens incorporating techniques such as repetitive transcranial magnetic stimulation (rTMS) and bilateral deep brain stimulation show promise in the treatment of complex, treatmentresistant BDD even in the context of profound comorbidities [57] [58] [59] [60] . rTMS is currently FDA-approved for treatment of major depression and is promising in the treatment of OCD and related disorders, including BDD. In a single-blind randomized clinical trial, rTMS reduced both self-reported and provider-reported symptom severity in OCD [61] . Randomized controlled trials have found that rTMS is effective in cases of SSRI-resistant BDD [62] . These findings present interesting future directions in the treatment of BDD; however, it must be noted that these options are typically only utilized in refractory and treatment-resistant cases. An integrative neurostimulative and pharmacological approach can dramatically improve quality of life in patients and demonstrate the necessity for more clinical research and a deeper understanding of mechanisms involved in BDD.
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